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ABSTRACT 



A signal processing circuit for processing a read signal 
corresponding to data read from a recording medium, such 
as a magnetic disc. The signal processing circuit detects a 
preamble data signal of the read signal. A decision feedback 
equalizer (DFE) generates a computation read signal by 
performing a predetermined computation on the read signal 
in accordance with a clock signal. The DFE generates first 
code data using the computation read signal. A code data 
generating circuit connected to the DFE compares the com- 
putation read signal with a first reference signal and gener- 
ates second code data, which corresponds to the preamble 
data signal. A phase error detection circuit detects a phase 
error between the clock signal and the read signal using one 
of the first and second code data. A timing recovery PLL is 
connected to the phase error detection circuit and uses the 
detected phase error to generate the clock signal such that 
the phase of the clock signal matches the phase of the 
preamble data signal. 

21 Claims, 5 Drawing Sheets 
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SIGNAL PROCESSING CIRCUIT WITH 
TIMING RECOVERY PLL 

BACKGROUND OF THE INVENTION 

The present invention relates to a signal processing 
circuit, and more particularly, to a signal processing circuit 
including a timing recovery PLL for matching a clock signal 
with preamble data signal read from a recording medium 
and a decision feedback equalizer for reproducing code data 
recorded on the recording medium based on the clock signal, 
and to a method for controlling the signal processing circuit. 

Adecision feedback equalizer (DFE) reproduces data read 
from a recording medium in accordance with a clock signal 
generated by a timing recovery PLL. The timing recovery 
PLL performs a so-called matching operation, in which the 
output timing of the clock signal is matched with the output 
timing of the reproduction data from the DFE based on 
preamble data (matching pattern) recorded on the recording 
medium. 

FIG. 1 is a schematic block diagram showing a prior art 
signal processing circuit. The signal processing circuit 10 
includes an analog-to-digital converter (ADC) 11, a DFE 12, 
two coefficient registers 13, 14, a PLL phase error detection 
circuit 15, a timing recovery PLL (TR-PLL) 16, and a 
control circuit 17. 

The ADC 11 samples the analog signal read from the 
recording medium in accordance with a clock signal CLK 
generated by the TR-PLL 16 and converts the analog data 
signal to a digital data signal. The digital data signal is sent 
to the DFE 12. 

The DFE 12 includes a forward (FW) filter 21, an adder 
22, a comparator 23, a shift register 24, a feedback (FB) filter 
25, an inverter 26, and three switches 27, 28, 29. 

The FW filter 21 is connected to the coefficent registers 
13, 14 via the first switch 27. A first filter coefficient (start 
value) used by the FW filter 21 during start-up (i.e., during 
initiation of the reading operation) is stored in the first 
coefficient register 13. A second filter coefficient (normal 
value) used by the FW filter 21 during normal operation 
(after detection of the preamble data) is stored in the second 
coefficient register 14. Switching of the first switch 27 
selectively sends the filter coefficient of the start value and 
the filter coefficient of the normal value to the FW filter 21. 

The FW filter 21 uses the first filter coefficient to filter the 
digital data signal from the ADC 11 in accordance with the 
clock signal CLK during the initial period of the reading 
operation to generate a signal SI having a maximum S/N 
ratio. The FW filter 21 uses the second filter value to perform 
filtering in the same manner during normal operation to 
generate the signal SI. 

The adder 22 receives the filtered output signal SI from 
the FW filter 21 and a feedback signal S2 from the FB filter 
25, and adds the output signal SI and the inverted signal of 
the feedback signal S2. In other words, the adder 22 func- 
tions as a subtractor, subtracting the feedback signal S2 from 
the output signal SI. 

The comparator 23 receives an added signal S3 from the 
adder 22, compares the voltage of the added signal S3 with 
a reference voltage REF, and sends a determination signal 
S4, which is code data (i.e., one or zero) indicating the 
comparison result, to the shift register 24 via the second 
switch 28. 

The shift register 24 samples the determination signal S4 
from the comparator 23 in synchronism with the clock signal 
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CLK and sequentially stores the sampled data. This stores 
the data, which comprises a plurality of bits, sampled in the 
past. 

The data stored in the shift register 24 is output as a 
5 reproduction signal DATA. The data stored in the first bit of 
the shift register 24 (i.e., the determination signal S4) is the 
output as a reproduction signal DATA. In this manner, the 
DFE 12 reproduces code data recorded on the recording 
medium. The reproduction signal DATA is sent to an exter- 
io nal apparatus, such as a microcomputer, after undergoing a 
data decoding process. 

The FB filter 25 receives sampling data from the shift 
register 24 and eliminates interference between codes that is 
included in the sampling data. Further, the FB filter 25 
15 outputs the feedback signal S2, which is based on the 
sampling data, having a plurality of bits and stored in the 
shift register 24. The feedback signal S2 is sent to the adder 
22 via the third switch 29. 

The PLL phase error detection circuit 15 receives the 

20 

added signal S3 from the adder 22 and a signal S6, detects 
an error or difference between the phase of the read signal 
and the phase of the clock signal CLK based on the signals 
S3, S6, and generates a control signal S7 in accordance with 
the detected error. The signal S6 is either the determination 

25 signal S4 of the comparator 23 or the output signal S5 of the 
inverter 26 which are selected by the switching operation of 
the second switch 28. The TR-PLL 16 receives the control 
signal S7 from the PLL phase error detection circuit 15, and 
matches the phase of the generated clock signal CLK with 

30 the phase of the read signal. The shift register 24 is used to 
perform sampling in accordance with the clock signal CLK 
from the TR-PLL 16. The sampling is performed at the bit 
transmission speed of a read signal RD in order to store the 
determination signal in the shift register 24. The detection 

35 signal corresponds to the recorded data on a magnetic disc, 
The control circuit 17 receives the reproduction signal 
DATA from the shift register 24 and controls the switches 
27-29 in accordance with the state of the reproduction signal 

40 DATA and the number of the bytes read subsequent to the 
initiation of the reading operation. The preamble data is data 
in which the pattern of a predetermined number of bits is 
repeated. Apredetermined amount of preamble data is stored 
on the recording medium. Accordingly, the control circuit 17 

45 controls the switches 27-29 at a predetermined timing based 
on the amount of preamble data read. 

The control circuit 17 performs switch control as 
described below. 

(1) When initiating the reading operation, the control 
50 circuit 17 moves the first switch 27 to the first coefficient 

register 13, the second switch 28 to the comparator 23, and 
opens the third switch 29. Thus, the FW filter 21 uses the 
first filter coefficient (start value) from the first coefficient 
register 13 to shape the waveform of the digital signal from 

55 the ADC U. In this state, the adder 22 sends the output 
signal SI of the FW filter 21 to the comparator 23 since the 
third switch 29 is open. The error detection circuit 15 sends 
the control signal S7, which is based on the output signal SI 
(read signal) from the FW filter 21, to the TR-PLL 16. In this 

60 manner, the TR-PLL 16 performs phase matching in accor- 
dance with the read signal. 

(2) When the control circuit 17 confirms from the repro- 
duction signal DATA that the bit row showing the charac- 
teristics of the preamble data (in this case, "+++" or " ") 

65 has been input a predetermined number of times (e.g., three 
times), the control circuit 17 moves the first switch 27 to the 
second coefficient register 14, the second switch 28 to the 
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inverter 26, and closes the third switch 29. Here, "+" termined computation on the read signal, generating a first 

indicates that the voltage of the sampled read signal RD is code data using the computation read signal, comparing the 

higher than the reference voltage REF, and "-" indicates that computation read signal and a first reference signal, gener- 

the voltage of the sampled read signal RD is lower than the ating a second code data corresponding to the preamble data 

reference voltage RER 5 signal based on the comparison result, detecting a phase 

The FW filter 21 shapes the waveform of the digital signal error between the clock signal and the read signal by using 
from the ADC 11 using the second filter coefficient (normal the computation read signal and one of the first code data 
value) from the second coefficient register 14. The sampling and the second code data, and matching the phase of the 
data stored in the shift register 24 is inverted by the inverter clock signal in accordance with the detected phase error. 
26. The shift register 24 receives the inverted sampling data 10 i n another aspect of the present invention, a signal pre- 
via the second switch 28. Accordingly, the shift register 24 cessing circuit is provided. The signal processing circuit 

repetitively stores the bit row "+++ " of the preamble includes a decision feedback equalizer for generating a 

data. This initializes the sampling data in the shift register 24 computation read signal by performing a predetermined 

to preamble data. computation on a read signal read corresponding to data read 

The adder 22 receives the feedback signal S2 via the third 25 from a recording medium in accordance with a clock signal, 

switch 29 from the FB filter 25. That is, the control circuit The read signal includes a preamble data signal. The deci- 

17 closes the feedback loop of the DFE 12. Thus, the adder sion feedback equalizer generates first code data by using 

22 adds the output signal SI, which is derived from the read the computation read signal. The code data generating 
signal RD and sent from the FW filter 21, with the feedback circuit is connected to the decision feedback equalizer to 
signal S2 and sends the added signal S3 to the comparator 20 compare the computation read signal with a first reference 

23 and the error detection circuit 15. signal and generate a second code data based on the com- 

(3) The control circuit 17 counts the byte number of the parison result. The second code data corresponds to the 
reproduction signal DATA from the shift register 24 after preamble data signal. A phase error detection circuit detects 
performing the control described in (2) above, and outputs tne P nase error between the clock signal and the read signal 
an enable signal for matching the frequency of the TR-PLL 25 usin § one of tne first code data and tn e second code data. A 
16 after counting a predetermined number of bytes (e.g., five timing recovery PLL is connected to the phase error detec- 
bytes). tion circuit to generate the clock signal such that the clock 

(4) The control circuit 17 counts the byte number of the si S Qal has a P hase matct >ing the phase of the preamble data 
reproduction signal DATA from the shift register 24 after 3Q sl § Qal m accorda ° c e Wlth ^ detected phase error, 
performing the control described in (3) above, and moves Other aspects and advantages of the present invention will 
the second switch 28 to the comparator 23 after counting a become apparent from the following description, taken in 
predetermined number of bytes (e.g., six bytes). In this state, conjunction with the accompanying drawings, illustrating by 
the first switch 27 remains set to the second coefficient wav of example the principles of the invention. 

register 14, and the third switch 29 remains closed. In this ^ c 

manner, the TR-PLL 16 performs phase matching in accor- 35 BRIEF DESCRIPTION OF THE DRAWINGS 

dance with the read signal. The DFE 12 outputs a reproduc- The invention, together with objects and advantages 

tion signal from which interference between codes is elimi- thereof, may best be understood by reference to the follow- 

nated in accordance with the clock signal CLK. mg description of the presently preferred embodiments 

However, in the above control method, the coefficient of 40 together with the accompanying drawings in which: 

the FW filter 21 must be altered to the data reading second FIG . X ^ a schematic block diagram showing a prior art 

filter coefficient before reading the data that follows the signal processing circuit; 

pre amble data. This greatly changes the characteristics of the mr , * • „ U i i a- u u i i- 

™; m ii j • . i ■ *• ii_ mn t\t t MG. 2 is a schematic block diagram showing a hard disc 

FW filter 21 during the matching operation of the TR-PLL _ Jf 

c„wu« • *u T7\v%u n u 1** * apparatus according to one embodiment of the present 

16. Furthermore, since the FW filter 21 has a multi-stage 45 invention' 

structure, a relatively long time is required to output the \ 

filtered digital signal SI using the altered coefficient. The FIG " 3 15 a schemat ic block diagram showing a signal 

signal SI output by the FW filter 21 during the blank period processing circuit according to one embodiment of the 

destabilizes the state of the TR-PLL 16 and may cause a present invention; 

pseudo-lock. Therefore, the operation of the TR-PLL 16 50 FIG - 4 is a chart showing the relationship between the 

must be stopped from when the first switch 27 is moved to added signal of an adder of the signal processing circuit of 

the second register 14 to when the digital signal SI, which FI G- 3 and various reference signals; and 

is based on the second filter coefficient, is output. This FIG. 5 is a flowchart showing the operation of the signal 

prolongs the matching operation period and hinders short- processing circuit of FIG. 3. 

ening of the signal processing time. « 

DETAILED DESCRIPTION OF THE 

SUMMARY OF THE INVENTION PREFERRED EMBODIMENT 

Accordingly, it is an object of the present invention to In the drawings, like numerals are used for like elements 

provide a signal processing circuit that prevents pseudo-lock throughout. 

of the timing recovery PLL. 60 FIG. 2 is a schematic block diagram showing a hard disc 

In one aspect of the present invention, a method for apparatus 31 according to one embodiment of the present 

controlling a timing recovery PLL is provided. The timing invention The hard disc apparatus 31 is connected to a host 

recovery PLL matches the phase of a clock signal with the computer 32. The hard disc apparatus 31 responds to the 

phase of a preamble data signal. The preamble data signal is write request by the host computer 32 and records the 

part of a read signal corresponding to data read from a 65 recording data from the host computer 32 on a magnetic disc 

recording medium. The method includes the steps of gen- 33, which serves as a recording medium. The hard disc 

erating a computation read signal by performing a prede- apparatus 31 further responds to the read request from the 
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host computer 32, reads the data recorded on the magnetic detection circuit 52, the code data generating circuit 53, and 
disc 33, and sends the data to the host computer 32. the PLL phase error detection circuit 55. In other words, the 
The hard disc apparatus 31 includes the magnetic disc 33, adder 62 functions as a subtracter for subtracting the feed- 
first and second motors Ml, M2, a head device 34, a signal back si e nal SU bom me filtered di S ital data si S nal SU - 
processing circuit 35, a servo circuit 36, a microprocessor 5 . Th f adder * 2 ak ° compares the voltage of the added 
(MPU) 37, a memory (RAM) 38, a hard disc controller sl S nal S13 w,th » reference voltage REF (not shown) and 
(HDC)39,andaninterfacecircuit40.Thecircuits35-40are ^ ds , a code ^ S1 * <'*;• °^. m ^'^^ 

connected to one another by a bus 41. J^f". o ' « TT", ' * 

J the selector 54. The shift register 63 sequentially stores the 

The magnetic disc 33 is rotated by the first motor Ml at code signal S14 sent from the adder 62 in synchronism 

a constant rotating speed. The second motor M2 controls the w i tn the clock signal CLK. This stores the data, which 

head device 34 so that it moves in the radial direction with comprises a plurality of bits, sampled in the past, 

respect to the magnetic disc 33. The head device 34 reads the The data stored in the first bit of the shift register 63 (i.e., 

data recorded on the magnetic disc 33 and sends a read tne fi^i code signal S14) is output as a reproduction signal 

signal RD to the signal processing circuit 35. ^ DATA. The reproduction signal DATA is the data stored in 

The signal processing circuit (called read/write channel the recording medium. In this manner, the DFE 51 repro- 
IC) 35 samples the read signal RD in synchronism with a duces the code data recorded on the magnetic disc 33. The 
clock signal and generates a digital read signal. The signal reproduction signal DATA undergoes a data decoding pro- 
processing circuit 35 carries out a decoding process on the cess. The decoded reproduction signal is sent to the host 
digital read signal and outputs the decoded data signal. 2Q computer 32 via the HDC 39 and the interface circuit 40. 

The servo circuit 36 controls the first motor Ml and The FB filter 64 receives the sampling data from the shift 

rotates the magnetic disc 33 at a constant speed. The servo register 63 and eliminates interference between codes that is 

circuit 36 further receives the decoded data signal from the included in the sampling data. The FB filter 64 generates the 

signal processing circuit 35 via the bus 41 and controls the feedback signal S12 based on the sampling data stored in the 

second motor M2 based on the servo data included in the 2 s sn ^^ register 63. The feedback signal S12 is sent to the adder 

digital read signal so that the head device 34 is on track at 62 via the switch 65. 

the target position. The PR detection circuit 52 receives the added signal S13 

The MPU 37 analyzes the write/read processing com- from the adder 62 and a first reference signal REF1 and 

mand sent from the host computer 32 in accordance with the compares the added signal S13 with the first reference signal 

program data stored in the RAM 38 and sends a control 30 REF1 in order to determine whether the read signal RD is 

signal to the HDC 39 via the bus 41. The HDC 39 controls tne read signal of the preamble data based on the comparison 

the signal processing circuit 35 and the servo circuit 36 in result * first reference signal REF1 has a predetermined 

accordance with the control signal from the MPU 37. The level that is sufficient for decreasing the error of the code 

HDC 39 further receives a data signal from the signal determination based on the added signal S13. That is, the 

processing circuit 35 via the bus 41. 35 c °de determination may be erroneous due to noise when the 

The HDC 39 performs, for example, an error correcting co ?\ of th u e added signal S13 Js determined by checking 

code (ECC) process on the data signal in sector units having ? heth ^ r * e added sl S na ! ^ * zero (0) or greater, 

a predetermined number of bytes and sends the error cor- Accordingly, erroneous code determination * prevented by 

reeled data to the interface circuit 40 via the bus 41. The * ttm g the le * el of ** first referenc f sl S Dal * a Ievel 

interface circuit 40 converts the data from the HDC 39 to a 40 that is not affected by noise. ^ shown m FIG. 4, in the 

predetermined communication mode and sends the con- Preferred embodiment, the level of the first reference signal 

verted data to the host computer 32. REF1 15 set at a coastant value that 15 than zero (0). 

~„ ^. i . However, the level of the first reference signal REF1 may be 

FIG. 3 is a schematic block diagram showing the signal ^ a( a yalue ^ fc lowef ^ zerQ 

processing circuit 35. The signal processing circuit 35 „ T/ -, . . . , . . „ - , 

includes an analog-to-digital converter (ADC) 11, a decision 45 " G - 4 15 f f° win f lhe P° s,tlve ° f f he 

feedback equalizer (DFE) 51, a preamble (PR) detection f. dded sl f , i \ ^f 0 ™ when ,T P ° 8 

•* m j a * *• ■ ; i . c a timing relative to the signal clock CLK is normal (when the 

circuit 52, a code data generating circuit 53. a selector 54, a . , . . ct 

-rjy y * A , 4 t . P , ' . sampling timing is substantially the same as the phase of the 

PLL phase error detection circuit 55, and a timing recovery ,, v, ? , . . J . . - ., r - A 

PLLfTR PLL) 56 added signal S13) is shown at the left side of FIG. 4. 

m A ~mJ ' , , , „ so Waveforms taken when the sampling timing is included in 

The ADC 11 samples the analog read signal RD read from an ^lowMe range ^ shown at the middle of pjQ 4 . 

the recordmg medium m accordance with the clock signal Waveforms taken when there is a high possibihty of pseudo- 

CLK output by the TR-PLL 56 and generates a digital data ]ock fa shown at the right side of FI(J 4 

S ^° al " „ . , , „ , , x ^ When the PR detection circuit 52 confirms that the bit row 

Hie DFE 51 includes a forward (FW) filter 61, an adder 55 showing me character istics of the preamble data (in this 

62, a shift register 63, a feedback (FB) filter 64, and a switch case> « +++ » or « «j that exceeds the first reference signal 

5 * REF1 has been input a predetermined number of times (e.g., 

The FW filter 61 is a digital filter having an arbitrary three times), the PR detection circuit 52 determines that the 

transmission characteristic and performs filtering using a plurality of bit rows are the preamble data. Here, 

filter coefficient set for the read data. The FW filter 61 60 indicates that the voltage of the sampled read signal RD is 

receives the digital data signal from the ADC 11, filters the higher than the reference voltage REF, and indicates that 

digital data signal from the ADC 11 using the filter coeffi- the voltage of the sampled read signal RD is lower than the 

cient in accordance with the clock signal CLK, and gener- reference voltage REF. The PR detection circuit 52 outputs 

ates a digital data signal Sll having a maximum S/N ratio. a high detection signal Kl when detecting the preamble and 

The adder 62 adds the filtered digital signal Sll from the 65 a low detection signal Kl when not detecting the preamble. 

FW filter 61 to an inverted signal of a feedback signal S12 The level of the detection signal Kl can be changed as 

from the FB filter 64, sends an added signal S13 to the PR required. 
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The code data generating circuit 53 receives the added 
signal S13 from the adder 62 and a second reference signal 
REF2, compares the added signal S13 with the second 
reference signal REF2, and determines whether the added 
signal S13 is positive or negative. The level of the second 5 
reference signal REF2 is set at a level in the sampling point 
of the read signal RD where there is a high possibility of 
pseudo-lock in the TR-PLL 56. 

In other words, in the normal waveform shown at the left 
side of FIG. 4 and the allowable waveforms shown at the 1Q 
middle of FIG. 4, the values of three consecutive added 
signals S13 are higher than the value of the first reference 
signal REF1 and the value of the second added signal S13 
is higher than the values of the first and third added signals 
S13. If the phase is offset, the values of two consecutive 15 
added signals S13 are substantially the same as shown by the 
waveforms at the right side of FIG. 4. The level of the 
second reference signal REF2 is set such that two consecu- 
tive added signals S13 are detected. In the left and middle 
waveforms, among the three consecutive added signals S13, 2 q 
the levels of the middle (second) added signals S13 are 
higher than the second reference signal REF2. 

When two added signals S13 having a level equal to or 
higher than the second reference signal REF2 continue, the 
code data generating circuit 53 generates code data corre- 2 5 
sponding to the preamble data based on the sampling point 
of the added signals S13 and sends the code data as a second 
code signal S15 to the selector 54. In other words, the input 
of the added signal S13 having a level equal to or higher than 
the second reference signal REF2 serve as a trigger and 30 
causes the code data generating circuit 53 to generate a 
second code signal S15 corresponding to the preamble data 
based on the two consecutive added signals, the levels of 
which are equal to or greater than the second reference 
signal REF2. 35 

The selector 54 receives the first code signal S14, the 
second code signal SIS, and the detection signal Kl, selects 
either one of the code signals S14, S15 in response to the 
detection signal Kl, and sends the selected signal as a 
selected code signal S16 to the error detection circuit 55. 40 
More particularly, the selector 54 selects the first code signal 
S14 in response to a high detection signal Kl and selects the 
second code signal S15 in response to a low detection signal 
Kl. The code signal S14 is the code data of the adder 62 and 
the code signal S15 is the code data of the code data 45 
generating circuit 53. The selector 54 selects the code data 
of the adder 62 or the code data of the code data generating 
circuit 53 in response to the detection signal Kl and sends 
the selected code signal S16 to the error detection circuit 55. 

The error detection circuit 55 receives the added signal 50 
S13 from the adder 62, the selected code signal SI 6 from the 
selector 54, and a third reference signal REF3 and detects 
the difference between the added signal S13 and the third 
reference signal REF3 as the phase error between the read 
signal RD and the clock signal CLK. The error detecting 55 
circuit 55 sends a pulse control signal S17, having a pulse 
width based on the phase error and the selected code signal 
S16, to the TR-PLL 56. The third reference signal REF3 has 
a value taken at a certain point of the digital data signal Sll 
output by the FW filter 61 in correspondence with an optimal 60 
preamble. The certain point is the point at which the read 
signal RD is sampled in accordance with the clock signal 
CLK when the phase of the read signal RD and the phase of 
the clock signal CLK substantially match and are thus in an 
optimal state. These point levels correspond to the preamble 65 
data. In other words, the third reference signal REF3 is set 
at a level corresponding to the preamble data. Accordingly, 
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the difference between the third reference signal REF3 and 
the added signal S13 corresponds to the phase error between 
the read signal RD and the clock signal CLK. 

The TR-PLL 56 matches the clock signal CLK, which is 
generated in accordance with the control signal S17 from the 
error detection circuit 55, with the phase of the read signal 
RD. More specifically, the TR-PLL 56 includes a loop filter 
66 and a voltage control oscillator (VCO) 67. The loop filter 
66 smooths the pulse control signal S17 and sends a DC 
voltage signal S18 to the VCO 67. The VCO 67 generates a 
clock signal CLK having a frequency corresponding to the 
voltage signal S18 from the loop filter 66. Accordingly, the 
voltage of the voltage signal S18 of the loop filter 44 rises 
and falls in accordance with the phase difference between 
the added signal S13 and the clock signal CLK that is 
detected by the error detection circuit 55. This causes the 
TR-PLL 56 to perform the matching operation so that the 
frequency of the clock signal CLK output by the VCO 67 
matches the frequency of the preamble data of the read 
signal RD. 

The shift register 63 samples the first code signal S14 
output by the adder 62 in response to the edges of the clock 
signal CLK and stores the sampling data. That is, the shift 
register 63 performs sampling in accordance with the clock 
signal CLK at the bit transmission speed of the read signal 
RD. In this manner, the TR-PLL 56 performs phase match- 
ing of the clock signal CLK using the preamble data read 
signal. In the reproduction signal DATA generated by the 
DFE 51, interference between codes is eliminated from the 
read signal in accordance with the clock signal CLK. 

The operation of the signal processing circuit 35 will now 
be described with reference to the flowchart of FIG. 5. 

Preamble data is first sent to the PR detection circuit 52 
via the FW filter 61 and the adder 62 (step 1). The PR 
detection circuit 52 initiates the read operation and deter- 
mines whether the received signal is the preamble data (step 
2). If the PR detection circuit 52 detects the preamble data 
(step 3), the PR detection circuit 52 outputs a high detection 
signal Kl. In accordance with the detection signal Kl, the 
selector 54 sends the first code signal S14 output by the 
adder 62 as the selected code signal SI 6 to the error 
detection circuit 55. This causes the error detection circuit 
55 to enter a normal mode in which the control signal of the 
TR-PLL 56 is generated in accordance with the first code 
signal S14 (step 4). In other words, the error detection circuit 
55 detects the phase error from the added signal S13 and the 
code data (positive, negative) and sends the control signal 
S17 based on the detection result to the loop filter 66 of the 
TR-PLL 56 (step 5). The phase control of the TR-PLL 56 is 
performed in this manner. 

If the preamble data is not detected in step 3, the code data 
generating circuit 53 determines whether the added signal 
S13 is equal to or greater than the second reference signal 
and enters an anti-pseudo-lock mode which generates phase 
error detection code data (positive/negative data) based on 
the determination result (step 6). The second code signal S15 
based on the code information is sent to the error detection 
circuit 55 via the selector 54. The error detection circuit 55 
detects the phase error based on the second code signal S15, 
the added signal S13, and the third reference signal REF3 
(step 7) and sends the control signal S17 to the loop filter 66 
of the TR-PLL 56 (step 8). The TR-PLL 56 performs phase 
matching of the clock signal CLK in accordance with the 
control signal S17. The sampling timing is corrected in this 
manner. If the preamble is detected by the PR detection 
circuit 52, the mode is shifted to the sampling mode and the 
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error detection circuit 52 detects the phase error based on the 
first code signal S14 and the added signal S13. 

As described above, the preamble detection circuit 52 
compares the added signal from the adder 62 with the first 
reference signal REF1 and outputs the detection signal Kl. 5 
The code data generating circuit 53 compares the added 
signal with the second reference signal REF2 and generates 
the second code signal S15 based on the comparison result. 
The phase error detection circuit 55 detects the phase error 
of the read signal RD based on the added signal S13 and the 1Q 
third reference signal REF 3, and generates the control 
signal S17 based on phase error and the first code signal S14 
or the second code signal S15 selected by the selector 54. 
The timing discovery PLL 56 performs phase matching of 
the clock signal CLK in accordance with the control signal 
S17. Accordingly, the coefficient of the FW filter 61 need not 15 
be changed. This prevents pseudo-lock of the TR-PLL 56 
and improves operation stability of the TR-PLL 56. Thus, 
the matching period is prevented from being prolonged and 
code reproduction is performed with high accuracy. 

It should be apparent to those skilled in the art that the 20 
present invention may be embodied in many other specific 
forms without departing from the spirit or scope of the 
invention. Therefore, the present examples and embodi- 
ments are to be considered as illustrative and not restrictive, 
and the invention is not to be limited to the details given 25 
herein, but may be modified within the scope and equiva- 
lence of the appended claims. 

What is claimed is: 

1. A method for controlling a timing recovery PLL that 
matches the phase of a clock signal with the phase of a 30 
preamble data signal, wherein the preamble data signal is 
part of a read signal corresponding to data read from a 
recording medium, the method comprising the steps of: 

generating a computation read signal by performing a 
predetermined computation on the read signal; 35 

generating a first code data using the computation read 
signal; 

comparing the computation read signal and a first refer- 
ence signal; 

. 40 

generating a second code data using the computation read 
signal; 

selecting one of the first code data and the second code 
data on the basis of the comparison result; 

detecting a phase error between the clock signal and the 45 
read signal by using the computation read signal and 
selected one of the first code data and the second code 
data; and 

matching the phase of the clock signal in accordance with 
the detected phase error. 50 

2. The method according to claim 1, further comprising 
the steps of: 

detecting whether the computation read signal is the 

preamble data signal; and 
selecting the second code data when the computation read 55 

signal is not the preamble data signal. 

3. The method according to claim 2, wherein the step of 
detecting whether the computation read signal is the pre- 
amble data signal includes comparing the computation read 
signal to a second reference signal. 60 

4. The method according to claim 1, wherein the step of 
generating the second code data includes generating the 
second code data when two consecutive computation read 
signals are equal to or greater than the first reference signal. 

5. The method according to claim 1, wherein the prede- 65 
termined computation performed on the read signal includes 
selectively adding the read signal and a feedback signal. 
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6. A signal processing circuit comprising: 

a computation circuit for generating a computation read 
signal by performing a predetermined computation on 
a read signal which is read in accordance with a clock 
signal, wherein the read signal includes a preamble data 
signal, and wherein the computation circuit generates 
first code data by using the computation read signal; 

a code data generating circuit connected to the computa- 
tion circuit to generate second code data based on the 
computation read signal; 

a phase error detection circuit for detecting the phase error 
between the clock signal and the read signal using one 
of the first code data and the second code data which is 
selected on the basis of a comparison result between the 
computation read signal and a first reference signal; and 

a PLL connected to the phase error detection circuit to 
match the phase of the clock signal in accordance with 
the detected phase error. 

7. The signal processing circuit according to claim 6, 
wherein the comparing means is a preamble detection circuit 
which determines whether the computation read signal is the 
preamble data signal based on the comparison with the 
reference signal and generates the detection signal; and 
further includes a selector connected to the code data 
generating circuit, the preamble detection circuit, and the 
phase error detection circuit, wherein the selector selected 
one of the first code data and the second code data in 
accordance with the detection signal and sends the selected 
code data to the phase error detection circuit. 

8. The signal processing circuit according to claim 7, 
wherein the code data generating circuit generates the sec- 
ond code data when two consecutive computation read 
signals are equal to or greater than the first reference signal. 

9. The signal processing circuit according to claim 6, 
wherein the decision feedback equalizer includes an adder 
for selectively adding the read signal and a feedback signal 
to generate an added read signal. 

10. A signal processing circuit comprising: 

a computation circuit for generating a computation read 
signal by performing a predetermined computation on 
a read signal which is read in accordance with a clock 
signal, wherein the read signal includes a preamble data 
signal; 

a first code data generation circuit for generating first code 
data using the computation read signal; 

a second code data generation circuit for generating 
second code data based on the computation read signal; 

a phase error detection circuit for detecting the phase error 
between the clock signal and the read signal using one 
of the first code data and the second code data which is 
selected on the basis of a comparison result between the 
computation read signal and a reference signal; and 

a PLL connected to the phase error detection circuit to 
match the phase of the clock signal in accordance with 
the detected phase error. 

11. The signal processing circuit of claim 10, wherein the 
first code generation circuit is a comparator. 

12. The signal processing circuit of claim 10, further 
comprising a selector for selecting one of the first code data 
and the second code data. 

13. The signal processing circuit of claim 10, further 
comprising a decision feedback equalizer for reproducing 
the read data. 
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14. A signal processing circuit comprising: 

a computation circuit for generating a computation read 
signal by performing a predetermined computation on 
a read signal which is read in accordance with a clock 
signal and for generating first code data by using the 5 
computation read signal, wherein the read signal 
includes a preamble data signal; 

a code data generating circuit for generating second code 
data based on the computation read signal; 

a phase error detection circuit for detecting the phase error 
between the clock signal and the read signal using one 
of the first code data and the second code data which is 
selected on the basis of a comparison result between the 
computation read signal and a reference signal; and J5 

a PLL connected to the phase error detection circuit to 
match the phase of the clock signal in accordance with 
the detected phase error. 

15. A signal processing circuit comprising: 

a computation circuit for generating a computation read 20 
signal by performing a predetermined computation on 
a read signal which is read in accordance with a clock 
signal, wherein the read signal includes a preamble data 
signal; 

a first code data generation circuit for generating first code 25 
data using the computation read signal; 

a second code data generation circuit for generating 
second code data based on the computation read signal; 

a phase error detection circuit for detecting the phase error 3Q 
between the clock signal and the read signal using one 
of the first code data and the second code data which is 
selected on the basis of a preamble detection signal; 
and 

a PLL connected to the phase error detection circuit to 35 
match the phase of the clock signal in accordance with 
the detected phase error. 

16. The signal processing circuit of claim 15, further 
comprising a preamble detection circuit for detecting the 
preamble data signal and generating the preamble detection 40 
signal. 

17. A signal processing circuit comprising: 

a computation circuit for generating a computation read 
signal by performing a predetermined computation on 
a read signal which is read in accordance with a clock 45 
signal and for generating first code data using the 
computation read signal, wherein the read signal 
includes a preamble data signal; 

a code data generation circuit for generating second code 
data based on the computation read signal; 50 

a phase error detection circuit for detecting the phase error 
between the clock signal and the read signal using one 
of the first code data and the second code data which is 
selected on the basis of a preamble detection signal; 
and 55 

a PLL connected to the phase error detection circuit to 
match the phase of the clock signal in accordance with 
the detected phase error. 

18. The signal processing circuit of claim 17, further 6Q 
comprising a preamble detection circuit for detecting the 
preamble data signal and generating the preamble detection 
signal. 
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19. A method for matching a phase of a clock signal with 
a phase of a preamble data signal, wherein the preamble data 
signal is part of a read signal, the method comprising the 
steps of: 

generating a computation read signal by performing a 
predetermined computation on the read signal; 

generating first code data using the computation read 
signal; 

comparing the computation read signal and a reference 
signal; 

generating second code data using the computation read 
signal; 

selecting one of the first code data and the second code 

data on the basis of the comparison result; 
detecting a phase error between the clock signal and the 

read signal by using the computation read signal and 

the selected code data; and 
match the phase of the clock signal in accordance with the 

detected phase error. 

20. A method for matching a phase of a clock signal with 
a the phase of a preamble data signal, wherein the preamble 
data signal is part of a read signal, the method comprising 
the steps of: 

generating a computation read signal by performing a 
predetermined computation on the read signal; 

generating first code data using the computation read 
signal; 

detecting the preamble data signal to generate a preamble 

detection signal; 
generating second code data using the computation read 

signal; 

selecting one of the first code data and the second code 
data on the basis of the preamble detection signal; 
detecting a phase error between the clock signal and the 
read signal by using the computation read signal and 
the selected code data; and 

matching the phase of the clock signal in accordance with 
the detected phase error. 

21. A signal processing circuit comprising: 

a computation circuit for generating a computation read 
signal by performing a predetermined computation on 
a read signal which is read in accordance with a clock 
signal, wherein the read signal includes a preamble data 
signal; a first code data generation circuit for generating 
first code data using the computation read signal; 

a second code data generation circuit for generating 
second code data based on the compulation read signal; 

a selector circuit for selecting one of the first code data 
and the second code data on the basis of a preamble 
detection signal, and outputting the selected one of the 
first code data and the second code data; 

a phase error detection circuit for detecting the phase error 
between the clock signal and the read signal on the 
basis of the selected one of the first code data and the 
second code data; and 

a PLL connected to the phase error detection circuit to 
match the phase of the clock signal in accordance with 
the detected phase error. 

* * * * * 
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